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ABSTRACT 
The pharmaceutical industry mainly uses chromatographic techniques such as High Performance 
Liquid Chromatography (HPLC) and Gas Chromatography (GC), to determine the quantity of 
the active ingredient and other material in the drugs. A large effort goes into developing methods 
using chromatography techniques. The method development and running HPLC and GC are time 
consuming. Methods need to be updated as the chromatographic columns and the instruments 
wear out. On the other hand, Nuclear Magnetic Resonance (NMR) technique is mainly used for 
qualitative analysis to determine the identity of compounds. However, Proton-NMR technique 
does provide quantitative information of compounds but to develop a method an internal 
standard of known concentration is required. We are using q-NMR (quantitative NMR) to 
quantitatively analyze acetylsalicylic acid and acetaminophen by Proton-NMR using diethyl 
ether as an internal standard. The area of NMR signals shows a linear relationship with the 
concentration. Acetylsalicylic acid and acetaminophen were chosen as a representative drug. The 
method is useful for a wide variety of drugs. Our future studies include using a variety of 
appropriate internal standards to determine concentrations of several organic compounds 
including various pharmaceutical drugs and petroleum products.  
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A. INTRODUCTION 
 
 Nuclear Magnetic Resonance (NMR) spectroscopy is used for the Qualitative analysis of an 
organic compound. Most often used for structural analysis of organic compounds. The 
quantitative analysis of compounds was done using chromatography techniques such as high 
performance liquid chromatography (HPLC) and Gas Chromatography (GC). Using the 
chromatographic techniques is time consuming. Methods need to be updated and columns need 
to be changed as they wear out using chromatographic techniques. The NMR is used for 
qualitative analysis of compounds but even it can be used for quantitative analysis using an 
internal standard of known concentration.  This technique, which is called Q-NMR, is used for 
quantification and purity of organic compounds. According to NMR theory, the NMR signal 
intensity of the compounds was directly proportional to the area of the compounds. Therefore it 
is based on direct comparison of NMR signal intensity of the compound.  
 
The quantification of organic compounds was done using chromatographic techniques such as 
HPLC and GC to determine the purity, amount of active ingredients and other contents in 
pharmaceutical industries. In recent years, quantitative NMR (qNMR) used as an alternative to 
chromatographic techniques due to several advantages over the analytical techniques. So it is 
widely used in pharmaceutical industry and in many other fields.  In qNMR the NMR signal 
intensity was proportional to the number of protons. As NMR is used for quantification, accuracy 
is very important while weighing the compounds. The compounds were chosen so that no 
reactions were seen with the solvent or with the internal standard.                                                                                               
The relevant signals which are selected for the measurement must be clearly separated from each 
other and also from other signals.  
The qNMR is different from other analytical and chromatographic techniques, so it is gaining 
more importance than the other techniques. In chromatographic techniques the selection of 
mobile phase and stationary phase are more important. The column should be changed from time 
to time as column wear off is a major problem. Large quantities of solvent are used and are very 
expensive. The qNMR technique needs less amount of solvent where as the analyte is also 
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recovered and the quantity of the analyte can be easily determined by visualizing the area of the 
NMR signals. 
The frequency at which a given nucleus comes to resonance is dependent on the molecular 
environment of the nucleus. So it is observed that the atoms in different chemical environments 
give NMR signals at different characteristic values of the applied field (1). The principle 
advantage of NMR as a quantitative analytical method relative to most other spectroscopic 
techniques is the absence in NMR of quantities analogues to the absorption coefficient or 
extinction coefficient found in other types of spectra (2). 
This method is superior to the chromatographic techniques. In chromatographic techniques the 
reproducibility and precision is not up to the mark may be due to column wear out, running 
number of sample etc. but in NMR the reproducibility and precision are very accurate. 
 
PRESENTS STUDY: 
In this study we plan to quantify the drugs (acetylsalicylic acid and acetaminophen) by using an 
internal standard (diethyl ether) and to find linearity by plotting a calibration curve taking 
concentration of the drug and area of the NMR peaks. 
Drugs used: 
Acetylsalicylic Acid (ASA) 
OH O
O
O
ACETYL SALICYLIC ACID
 
It is also called as 2-acetoxybenzoic acid. Its molecular formula is C9H8O4. The United State 
Adopted Name (USAN) of this drug is ASPIRIN (3).  Its generic name is Acetylsalicylic acid. It 
is a type of Non Steroidal Anti-Inflammatory Drugs (NSAIDs) used effectively treating Fever, 
pain and inflammations in the body. The types of analysis performed are Titrations, UV-Visible 
spectrophotometer, HPLC, Electrochemical Analysis and NMR (4). 
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Acetaminophen  
O
N
OH
Acetaminophen
H
 
Paracetamol or acetaminophen chemically names as N-acetyl-p-aminophenol. Its molecular 
formula is C8H9NO2 and most widely used drug in USA. Trade names are Tylenol (USA), 
Crocin (India), Panadol (Australia). Acetaminophen is part of the class of drugs known as 
"aniline analgesics". It is an effective analgesic and antipyretic agent (5). The types of analysis 
performed are HPLC, Electrochemical Analysis, and NMR. 
 
Advantages of Q-NMR 
 Q-NMR is more precise and accurate than the chromatographic techniques. When the 
chromatographic methods are not effective it can be used. 
 The validation and development of method was relatively simple, the area under the peak 
directly proportional to the concentration. 
 No special sample preparation is required. The compound was dissolved in the internal 
standard (6). 
  
Selection of Internal standard: 
Selection of Internal Standard is crucial in the experiments. An ideal internal standard should 
have  
•  Simple NMR spectrum. 
•  Its NMR peaks should not interfere with NMR peaks of the analyte. The analyte and 
internal standard peaks should be sufficiently apart. 
•  It should be easily removed so that the analyte can be recovered. 
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B. EXPERIMENTAL PROCEDURE: 
I. Acetylsalicylic acid (ASA)  
a) Materials: 
Chemicals Used:  
Acetylsalicylic acid (LOT # 030M0070) from Sigma-Aldrich, molecular weight = 180.16 g/mol. 
Ethyl ether anhydrous (LOT # C19B46) from Mallinckrodt chemicals, molecular weight = 74.12 
g/mol. 
Chloroform-d (151823-1004 LOT # MKBH8247V, pcode: 1001240387, CAS: 865-49-6) from 
Sigma-Aldrich, molecular weight = 120.38 g/mol. 
 
Glassware and Instrument Used: 
Weighing balance (Adventurer Pro from OHAUS) 
Vials with Teflon caps 
Pipette: 1mL 
Volumetric flasks: 25mL, 10mL and 1mL (Class A Hex base, Cert, pyrex® Strp #8, LOT # 
12412001, CM: 101440016, Corning incorporated) 
NMR tubes: NMR tube 8 inch pk/5, ART No. 897235-0008 from kontes 
Spatula, parafilm, labels 
 
INSTRUMENT: NMR 
         Bruker 300 ultrashield NMR Spectrophotometer with topspin software. 
 
b) PROCEDURE: 
1. Acetylsalicylic acid (6.7 mM-91.6 mM) with diethyl ether concentration (0.112 M): 
Acetylsalicylic acid from 1.2 mg - 16.0 mg was weighed and to it 1 mL internal standard 
was added and NMR was taken. 
Preparation of internal standard: 
To a 10 mL volumetric flask, 4 mL CDCl3 and 0.0832 g (83.2 mg) diethyl ether was added 
and diluted with CDCl3 to make up a total 10 mL solution. The concentration of diethyl ether 
was 0.112 M. 
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M = 0.0832 g/74.12 g/mole X 1000/10 ml = 0.112 M 
 
NOTE: Ethyl ether was directly added drop wise onto the CDCl3 solvent. If it is added on 
walls, accurate weight cannot be determined due to evaporation (for quantitative work mass 
must be accurate) 
Preparation of acetylsalicylic acid solutions: 
Acetylsalicylic acid solutions of different concentrations were made in CDCl3 containing 
ethyl ether as internal standard. 6.7 mM – 91.6 mM solutions were made by adding 1mL 
internal standard solution. 88.8 mM solution was made by adding 1 mL CDCl3 without 
internal standard solution. 
NMR was taken for the prepared solutions. A calibration curve was plotted taking area of 
CH3 peak of acetaminophen on X-axis and concentration on Y-axis. 
 
2. Acetylsalicylic acid (0.6 mM-6.3 mM) with  diethyl ether concentration (0.101 M): 
Preparation of internal standard: 
To 25 mL volumetric flask, 4 mL CDCl3 and 0.01872 g (1.872 mg) diethyl ether was added 
and diluted with CDCl3 to make up a total of 25 mL solution. The concentration of diethyl 
ether was 0.101 M. 
Preparation of Stock solution: 
Acetylsalicylic acid 0.0113 g (11.3 mg) was weighed in a 10 mL volumetric flask. To it 
internal standard was added up to 10 mL. The concentration is 1.13 mg/mL. 
Preparation of acetylsalicylic acid solutions: 
Acetylsalicylic acid solutions of different concentrations were made in CDCl3 containing 
diethyl ether as internal standard.  0.6 mM – 6.3 mM solutions were made by serial dilutions 
with stock solution and internal standard solution. 
NMR was taken for the prepared solutions. 
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3. Acetylsalicylic acid (0.6 mM-5.7 mM) with  diethyl ether concentration (0.0193 M): 
Preparation of internal standard: 
To 25 mL volumetric flask, 4 mL of CDCl3 and 0.0357 g diethyl ether was added and diluted 
with CDCl3 to make up a total of 25 mL solution. The concentration of diethyl ether was 
0.0193 M. 
Preparation of Stock solution: 
Acetylsalicylic acid 0.0102 g (1.02 mg) was weighed in a 10 mL volumetric flask. To it 
internal standard was added up to 10 mL. The concentration is 1.02 mg/mL. 
Preparation of acetylsalicylic acid solutions: 
Acetylsalicylic acid solutions of different concentrations were made in CDCl3 containing 
diethyl ether as internal standard.  0.6 mM – 5.7 mM solutions were made by serial dilutions 
with stock solution and internal standard solution. 
NMR was taken for the prepared solutions. 
 
OPERATION OF NMR: 
The solutions prepared (about 0.7 mL) were placed in the NMR tubes and the tubes were capped. 
Acquiring the NMR Spectrum: 
 Double click TOPSPIN software on the desktop. 
 From the window menu, choose BSMS display and lock display. 
 To insert sample 
• Click Lift in the sample panel. Check the air if the sample does not lift. 
• Remove the previously placed NMR tube containing the sample with the spinner. 
• Take the prepared solution placed in NMR tube and insert the tube into the 
spinner. 
• Sample depth was checked using a depth guage. 
• The sample tube was wiped with a clean chemwipe without touching the spinner. 
• Sample was placed in the magnet. 
• Click the lift button again.  
 
 Type “lock” in the command bar and enter. NOTE: All the commands are in the lower 
case. 
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 Choose the solvent and click the solvent. Watch the lock display, if a dialog appears, 
click OK. 
 In order to identify the directory and filename for the experiment where it will be stored, 
type “edc”, for Edit Current Parameters in the command bar and enter. Current Data 
Parameters window appears. All the boxes can be changed. Change them according to the 
experiment. The directory stores the file. Click OK. 
 Load the experiment by typing “rpar” (Read Parameter) in the command bar and enter. 
A window appears with loaded experiment. Choose proton as we are doing proton NMR 
which gives 16 scans and then it gives 3 parameters click OK. 
 To edit acquisition parameters, type “eda” (Edit Acquisition Parameters) in the command 
bar and enter. A window appears. All the boxes can be changed. For proton experiment, 
use all default values. Click on the show pulse program parameter and then on the set 
probe solvent and change P1 (µs) to 10.00 and PL1 (dB) to 0.05. 
 Type “rga” (Read Receiver Gain Adjustment) in the command bar and enter. The 
instrument puts some pulses into the sample, and it adjusts the gain according to the 
amount of data buffer it can load. “rga finished” is displayed at the bottom of the 
command bar. 
 To acquire data type “zg” (Z gradient pulse) in the command bar and enter. The 
instrument starts to acquire data. 
 Type “efp” in the command bar to read the data. It will transfer the fid to absorbance 
spectrum. 
 For phase correction, go to processing and click on phase correction and check for 
automatic and enter then the peaks are displayed. 
 For integration, click on analysis and select integration. Integrate the peaks. 
 Click the save option to save the integrated peaks. 
 To plot a custom spectrum, type “xwinplot”. Click the right mouse button and select 
‘Edit’. Change the y-axis range to need (i.e. 10 – 0 ppm). Click Close. Click on ‘File’ and 
then select ‘Print’. 
 
 
  Page | 11  
 
c) RESULTS: 
TABLE 1: Acetylsalicylic acid (6.7 – 91.6 mM) with diethyl ether concentration (0.112 M)  
SAMPLE MASS OF 
ASA (mg) 
Volume of 
Internal 
standard (mL) 
 
CONCENTRATION  
(mM) 
AREA OF 
CH3 
PEAK 
COMMENTS 
1 - 1 112 - Diethyl ether 
internal standard 
2 - 1 88.8 - ASA without 
internal standard 
3 16.5 1 91.6 0.41 ASA with internal 
standard 
4 7.9 1 43.8 0.18 ASA with internal 
standard 
5 6.2 1 34.4 0.15 ASA with internal 
standard 
6 3.1 1 17.2 0.07 ASA with internal 
standard 
7 2.2 1 12.2 0.05 ASA with internal 
standard 
8 1.2 1 6.7 0.03 ASA with internal 
standard 
NMR INSTRUMENT: Bruker 
300 ultrashield NMR 
spectrophotometer 
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CALIBRATION CURVES: 
Calibration curves are plotted to show the linearity of the concentration of ASA to the area of the 
NMR peaks 
1. ASA concentration ranging 6.7-91.6 mM with diethyl ether internal standard 0.112 M 
 
 
2. ASA concentration ranging 6.7-17.2 mM with diethyl ether internal standard 0.112 M 
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3. ASA concentration ranging 6.7-34.4 mM with diethyl ether internal standard 0.112 M 
 
 
4. ASA concentration ranging 12.2-43.8 mM with diethyl ether internal standard 0.112 M 
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5. ASA concentration ranging 17.2-91.6 mM with diethyl ether internal standard 0.112 M 
 
 
 
Area of phenyl ring peak @ 7-8 ppm 
 
Sample Mass 
of 
ASA 
(mg) 
 
Concentration 
of ASA 
(mM) 
Area 
of  
Phenyl 
ring 
peak 
1 1.2 6.7 0.08 
2 2.2 12.2 0.12 
3 3.1 17.2 0.14 
4 6.2 34.4 0.27 
5 7.9 43.8 0.32 
6 16.5 91.6 0.61 
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Calibration Curve: 
The calibration curve was plotted by taking area of phenyl ring peaks and ASA concentration to 
check the linearity. 
 
 
TABLE 2: Acetylsalicylic acid concentration (0.6 – 6.3 mM) with diethyl ether 
concentration (0.101M): 
 
 
y = 0.0063x + 0.0421
R² = 0.9984
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Sample  Mass of 
ASA (mg)  
Volume of 
Internal 
Standard (mL)  
Concentration 
of  ASA (mM)  
Area of ASA 
CH3 Peak  
Comments  
1  1.13 1 6.3  0.0369 ASA with 
internal standard 
2  0.5 1.0047  2.8  0.0187 ASA with 
internal standard  
3  0.4  1.0073  2.2  0.0145  ASA with 
internal standard  
4  0.3  1.0031  1.7  0.0126  ASA with 
internal standard  
5  0.2  1.0047  1.1  0.0091  ASA with 
internal standard  
6  0.1  1.0055  0.6  0.0061  ASA with 
internal standard  
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CALIBRATION CURVES: 
1. ASA concentration ranging 0.6-6.3 mM with diethyl ether internal standard 0.101 M 
 
 
 
2. ASA concentration ranging 0.6-2.2 mM with diethyl ether internal standard 0.101 M 
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3. ASA concentration ranging 1.1-2.8 mM with diethyl ether internal standard 0.101 M 
 
 
4. ASA concentration ranging 1.7-6.3 mM with diethyl ether internal standard 0.101 M 
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TABLE 3: Low drug concentration (0.6 – 5.7 mM) with low diethyl ether concentration 
(0.0193 M): 
Area of ASA CH3 peak: 
Sample 
 
Mass of ASA 
(mg) 
NMR 1 NMR 2 NMR 3 Mean 
1 1.02 0.1556 0.1579 0.1575 0.1570 
2 0.5 0.0829 0.0834 0.0832 0.0832 
3 0.4 0.0660 0.0674 0.0659 0.0664 
4 0.3 0.0512 0.0512 0.0518 0.0514 
5 0.2 0.0375 0.0389 0.0388 0.0384 
6 0.1 0.0173 0.0172 0.0198 0.0181 
 
 
 
 
 
 
 
Sample  Mass of 
ASA (mg)  
Volume of 
Internal 
Standard (mL)  
Concentration 
of  ASA (mM)  
Area of ASA 
CH3 Peak  
Comments  
1  1.02 1 5.7  0.1570  ASA with 
internal standard 
2  0.5 1.0073 2.8  0.0832  ASA with 
internal standard  
3  0.4  1.0031  2.2  0.0664  ASA with 
internal standard  
4  0.3  1.0055  1.7  0.0514  ASA with 
internal standard  
5  0.2  1.0047  1.1  0.0384  ASA with 
internal standard  
6  0.1  1.0047  0.6  0.0181  ASA with 
internal standard  
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CALIBRATION CURVES: 
1. ASA concentration ranging 0.6-5.7 mM with diethyl ether internal standard 0.0193 M 
 
 
 
2. ASA concentration ranging 0.6-2.2 mM with diethyl ether internal standard 0.0193 M 
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3. ASA concentration ranging 1.1-2.8 mM with diethyl ether internal standard 0.0193 M 
 
 
4. ASA concentration ranging 1.7-6.3 mM with diethyl ether internal standard 0.0193 M 
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Area of phenyl ring peaks: 
Sample 
 
Mass of 
ASA 
(mg) 
Concentration 
of ASA 
(mM) 
NMR 1 NMR 2 NMR 3 Mean 
1 1.02 5.7  0.3294 0.3291 0.3289 0.3291 
2 0.5 2.8  0.2378 0.2229 0.2268 0.2292 
3 0.4 2.2  0.2121 0.2168 0.2132 0.2140 
4 0.3 1.7  0.1968 0.1957 0.1921 0.1949 
5 0.2 1.1  0.1666 0.1725 0.1757 0.1716 
6 0.1 0.6  0.1516 0.1522 0.1571 0.1536 
 
 
 
d) DISCUSSION: 
Proton-NMR of all the solutions was recorded by taking 16 scan of each sample as explained in 
the procedure. Areas of CH3 peaks of ASA of different concentrations were compared. These 
areas are normalized with the CH3 peak of diethyl ether. Calibration curves of concentration vs 
area of CH3 peak of ASA; and concentration of ASA vs area of phenyl peaks were plotted. 
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The peaks were integrated taking diethyl ether internal standard CH3 peak as 1.0000 and others 
integrated based on that peak. 
 
ASA concentration (6.7 – 91.6 mM) with diethyl ether concentration (0.112 M): TABLE 1 
page 11 
NMR 1: Acetylsalicylic acid 6.7 mM in Et2O-CDCl3-1 2012-04-17 
It is the NMR of 1.2 mg Acetylsalicylic acid. The area of acetylsalicylic acid CH3 peak is 0.03, 
benzene proton peak is 0.08. Ethyl ether CH3 peak at 1.0000 and CH2 peak at 0.67 were 
observed. As the concentration is very less the area of peaks are small. 
NMR 2: Acetylsalicylic acid 12.2 mM in Et2O-CDCl3-2 2012-04-17 
It is the NMR of 2.2 mg Acetylsalicylic acid. The area of Acetylsalicylic acid CH3 peak is 0.05 
and benzene proton peak is 0.12 which is approximately double the area of CH3 peak of 1.1 mg 
Acetylsalicylic acid.  
NMR 3: Acetylsalicylic acid 17.2 mM in Et2O-CDCl3-3 2 2012-04-17 
It is the NMR of 3.1 mg Acetylsalicylic acid. The area of Acetylsalicylic acid CH3 peak is 0.07 
and benzene proton peak is 0.14 which is approximately 3 times the area of ASA CH3 peak of 
the 1.1 mg Acetylsalicylic acid. 
NMR 4: Acetylsalicylic acid 34.41 mM in Et2O-CDCl3-4 2012-04-13 
It is the NMR of 6.2 mg Acetylsalicylic acid. The area of Acetylsalicylic acid CH3 peak is 0.15 
and benzene proton peak is 0.27 which is double the 3.1 mg Acetylsalicylic acid. The other 
peaks remained almost similar. 
NMR 5: Acetylsalicylic acid 43.8 mM in Et2O-CDCl3-5 2012-04-13 
It is the NMR of 7.9 mg Acetylsalicylic acid. The area of Acetylsalicylic acid CH3 peak is 0.18 
and benzene proton peak is 0.32 which is approximately double the 2.2 mg Acetylsalicylic acid. 
The other peaks remained almost similar. 
NMR 6: Acetylsalicylic acid 91.5 mM in Et2O-CDCl3-6 2012-04-13 
It is the NMR of 16.5 mg Acetylsalicylic acid. The area of Acetylsalicylic acid CH3 peak is 0.41 
and benzene proton peak is 0.61 which is approximately double the 7.9 mg Acetylsalicylic acid. 
The other peaks remained almost similar. 
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NMR 7: Acetylsalicylic acid 88.8 mM in Et2O-CDCl3-6 2012-04-13  
It is the NMR of 16.0 mg Acetylsalicylic acid with 1mL CDCl3 solvent. The Acetylsalicylic acid 
CH3 peak was not observed. 
NMR 8: Ether Internal Standard 112 mM-3 in CDCl3 2012-04-13 
It is the NMR of ethyl ether with CDCl3. The CH3 peak was seen at 1.2 ppm and CH2 peak was 
seen at 3.5 ppm. 
NMR: 
1. ASA (88.8 mM) with CDCl3 (without diethyl ether) (NMR 7) 
 
2. ASA (91.6 mM) with internal standard (NMR 6) 
 
3. Diethyl ether internal standard (NMR 8) 
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ASA concentration (0.6 – 6.3 mM) with diethyl ether concentration (0.101M): TABLE 2 
page 15 
NMR 9: Acetylsalicylic acid 0.1 mg in Et2O-CDCl3 2012-07-16 
It is the NMR of 0.1 mg (0.6 mM) Acetylsalicylic acid. The area of Acetylsalicylic acid CH3 
peak is 0.0061, benzene proton peak is 0.0316. Ethyl ether CH3 peak at 1.0000 and CH2 peak at 
0.6645 were observed. 
As the concentration is very less the area of peaks are small and the ethyl ether concentration 
was high so the ethyl ether peaks are very high. 
NMR 10: Acetylsalicylic acid 0.2 mg in Et2O-CDCl3 2012-07-16 
It is the NMR of 0.2 mg (1.1 mM) Acetylsalicylic acid. The area of Acetylsalicylic acid CH3 
peak is 0.0091 and benzene proton peak is 0.0365 which is approximately double the area of CH3 
peak of 0.1 mg Acetylsalicylic acid. 
NMR 11: Acetylsalicylic acid 0.3 mg in Et2O-CDCl3 2012-07-16 
It is the NMR of 0.3 mg (1.7 mM) Acetylsalicylic acid. The area of Acetylsalicylic acid CH3 
peak is 0.0126 and benzene proton peak is 0.0234. 
NMR 12: Acetylsalicylic acid 0.4 mg in Et2O-CDCl3 2012-07-16 
It is the NMR of 0.4 mg (2.2 mM) Acetylsalicylic acid. The area of Acetylsalicylic acid CH3 
peak is 0.0145 and benzene proton peak is 0.0438. 
NMR 13: Acetylsalicylic acid 0.5 mg in Et2O-CDCl3 2012-07-16 
It is the NMR of 0.5 mg (2.8 mM) Acetylsalicylic acid. The area of Acetylsalicylic acid CH3 
peak is 0.0187 and benzene proton peak is 0.0504. 
NMR 14: Acetylsalicylic acid 1.13 mg in Et2o-CDCl3 2012-07-16 
It is the NMR of 1.13 mg (6.3 mM) Acetylsalicylic acid. The area of Acetylsalicylic acid CH3 
peak is 0.0369 and benzene proton peak is 0.0805. 
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NMR: 
ASA with internal standard (NMR 14) 
 
 
ASA concentration (0.6 – 5.7 mM) with diethyl ether concentration (0.0193 M): TABLE 3 
page 18 
NMR 15: Acetylsalicylic acid 0.1 mg in Et2O-CDCl3 GK 2012-08-01 
It is the NMR of 0.1 mg (0.6 mM) Acetylsalicylic acid. The area of Acetylsalicylic acid CH3 
peak is 0.0173, benzene proton peaks are 0.0127, 0.0154, 0.0144, 0.0955 and 0.0136. Ethyl ether 
CH3 peak at 1.0000 and CH2 peak at 0.6717. 
As the concentration is very less the area of peaks are small and the ethyl ether concentration 
was low so the ethyl ether peaks are low. 
NMR 18: Acetylsalicylic acid 0.2 mg in Et2O-CDCl3 GK 2012-08-01 
It is the NMR of 0.2 mg (1.1 mM) Acetylsalicylic acid. The area of Acetylsalicylic acid CH3 
peak is 0.0375 and benzene proton peak are 0.0178, 0.0180, 0.0193, 0.0930 and 0.0185 which is 
approximately double the area of CH3 peak of 0.1 mg Acetylsalicylic acid. 
NMR 21: Acetylsalicylic acid 0.3 mg in Et2O-CDCl3 GK 2012-08-01 
It is the NMR of 0.3 mg (1.7 mM) Acetylsalicylic acid. The area of Acetylsalicylic acid CH3 
peak is 0.0512 and benzene proton peak are 0.0255, 0.0261, 0.0264, 0.0950 and 0.0238 which is 
approximately 3 times the area of CH3 peak of 0.1 mg Acetylsalicylic acid. 
NMR 24: Acetylsalicylic acid 0.4 mg in Et2O-CDCl3 GK 2012-08-01 
It is the NMR of 0.4 mg (2.2 mM) Acetylsalicylic acid. The area of Acetylsalicylic acid CH3 
peak is 0.0660 and benzene proton peak are 0.0277, 0.0322, 0.0314, 0.0941 and 0.0267 which is 
double the area of CH3 peak of 0.2 mg Acetylsalicylic acid. 
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NMR 27: Acetylsalicylic acid 0.5 mg in Et2O-CDCl3 GK 2012-08-01 
It is the NMR of 0.5 mg (2.8 mM) Acetylsalicylic acid. The area of Acetylsalicylic acid CH3 
peak is 0.0829 and benzene proton peak are 0.0328, 0.0388, 0.0389, 0.0931 and 0.0342 which is 
approximately 5 times the area of CH3 peak of 0.1 mg Acetylsalicylic acid. 
NMR 30: Acetylsalicylic acid 1.02 mg in Et2o-CDCl3 GK 2012-08-01 
It is the NMR of 1.02 mg (5.7 mM) Acetylsalicylic acid. The area of Acetylsalicylic acid CH3 
peak is 0.1556 and benzene proton peak are 0.0574, 0.0599, 0.0624, 0.0919 and 0.0578 which is 
approximately double the area of CH3 peak of 0.5 mg Acetylsalicylic acid. 
 
NMR: 
ASA with internal standard (NMR 20) 
 
 The drug concentration ranging from 6.7 – 91.6 mM (with diethyl ether concentration 
0.112 M) shows a linear relationship with the area of methyl peak. 
 The drug concentration ranging from 0.6 – 5.7 mM (with diethyl ether concentration 
0.0193 M) also shows a linear relationship with the area of methyl peak. 
 The drug concentration shows a linear relationship with area of phenyl ring peaks at 7-8 
ppm. 
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II) ACETAMINOPHEN: 
a) Materials 
Chemicals Used:  
Acetaminophen (LOT # 061M0042V; CAS: 103-90-2) from sigma-Aldrich molecular weight = 
151.16 g/mol. 
Ethyl ether anhydrous (LOT # C19B46) from Mallinckrodt chemicals molecular weight = 74.12 
g/mol. 
Methanol-d4 (99 atom %D, LOT # MKBH1476V, CAS: 411-93-3, pcode: 1001120132) from 
sigma-Aldrich 
Glassware and Instrument Used: 
Weighing balance (Adventurer Pro from OHAUS) 
Vials with Teflon caps 
Pipette: 1mL 
Volumetric flasks: 25mL, 10mL and 1mL (Class A Hex base, Cert, pyrex® Strp #8, LOT # 
12412001, CM: 101440016, Corning incorporated) 
NMR tubes: NMR tube 8 inch pk/5, ART No. 897235-0008 from kontes 
Spatula, parafilm, labels 
INSTRUMENT: NMR 
         Bruker 300 ultrashield NMR Spectrophotometer with topspin software. 
 
b) PROCEDURE: 
 Acetaminophen concentration (7.28 mM – 107.83 mM) with diethyl ether concentration 
0.125 M 
Acetaminophen from 1.1 mg - 16.3 mg was weighed and to it 1mL internal standard was 
added and NMR was taken. 
Preparation of internal standard (0.125 M) 
To 10 mL volumetric flask, 4mL CD3OD and 0.0926 g (92.6 mg) diethyl ether was added 
and diluted with CD3OD to make up a total of 10mL solution. The concentration of diethyl 
ether was 0.125 M. 
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NOTE: Ethyl ether was directly added drop wise onto the CD3OD solvent. If it is added on 
walls,    accurate weight cannot be determined due to evaporation (for quantitative work mass 
must be accurate). 
Preparation of acetaminophen solutions: 
Acetaminophen solutions of different concentrations were made in CD3OD containing ethyl 
ether as internal standard. 7.28 mM – 107.83 mM solutions were made by adding 1mL 
internal standard solution. 107.17 mM solution was made by adding 1 mL CD3OD without 
internal standard solution. 
NMR was taken for the prepared solutions. A calibration curve was plotted taking area of 
CH3 peak of acetaminophen on X-axis and concentration on Y-axis. 
 
1. Acetaminophen concentration (0.79 mM – 7.94 mM) with  diethyl ether concentration 
0.01 M 
Preparation of internal standard (0.01 M) 
To 25 mL volumetric flask, 4mL CD3OD and 0.01853 g (1.853 mg) diethyl ether was added 
and diluted with CD3OD to make up a total of 25 mL solution. The concentration of diethyl 
ether was 0.01 M. 
Preparation of Acetaminophen Stock solution (1.12 mg/mL) 
Acetaminophen 0.0120 g (1.2 mg) was weighed in a 10 mL volumetric flask. To it internal 
standard was added up to 10 mL. The concentration is 1.2 mg/mL. 
Preparation of acetaminophen solutions: 
Acetamiophen solutions of different concentrations were made in CD3OD containing ethyl 
ether as internal standard.  0.79 mM – 7.94 mM solutions were made by serial dilutions with 
stock solution and internal standard solution.  
NMR was taken for the prepared solutions. A calibration curve was plotted taking area of 
CH3 peak of acetaminophen on X-axis and concentration on Y-axis. 
 
Operation of NMR as explained in page 9 and 10 
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c) RESULTS: 
TABLE 4: Acetaminophen Concentration 7.28 – 107.83 mM with diethyl ether 
concentration 0.125 M 
Area of acetaminophen CH3 peak: 
Sample 
 
 
Mass of 
Acetaminophen 
(mg) 
NMR 1 NMR 2 NMR 3 Mean 
1 1.1     0.0302 0.0302 0.0306 0.0303 
2 2.2 0.0633 0.0639 0.0635 0.0636 
3 4 0.1065 0.1070 0.1068 0.1068 
4 6.1 0.1687 0.1679 0.1687 0.1684 
5 8.1 0.2239 0.2248 0.2246 0.2244 
6 16.3 0.4553 0.4632 0.4621 0.4602 
 
Sample Mass of 
Acetaminophen 
(mg) 
Volume of 
Internal standard 
(mL) 
 
 
Concentrati
on 
(mM) 
Area of CH3 
peak 
Comments 
1 - 1 125 - internal standard 
(Diethyl ether + 
CD3OD) 
2 16.2 - 107.17 - Acetaminophen 
without internal 
standard 
3 16.3 1 107.83 0.4602 Acetaminophen with 
internal standard 
4 8.1 1 53.59 0.2244 Acetaminophen with 
internal standard 
5 6.1 1 40.35 0.1684 Acetaminophen with 
internal standard 
6 4.0 1 26.46 0.1068 Acetaminophen with 
internal standard 
7 2.2 1 14.55 0.0636 Acetaminophen with 
internal standard 
8 1.1 1 7.28 0.0303 Acetaminophen with 
internal standard 
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CALIBRATION CURVES: 
1. Acetaminophen concentration ranging 7.28-107.83 mM with diethyl ether internal 
standard 0.125 M 
 
 
2. Acetaminophen concentration ranging 7.28-40.35 mM with diethyl ether internal 
standard 0.125 M 
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3. Acetaminophen concentration ranging 14.55-53.59 mM with diethyl ether internal 
standard 0.125 M 
 
 
4. Acetaminophen concentration ranging 26.46-107.83 mM with diethyl ether internal 
standard 0.125 M 
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Area of Phenyl ring peak @ 5.5 ppm 
SNO Mass of 
Acetaminophen 
(mg) 
Concentration 
of 
Acetaminphen 
(mM) 
NMR 1 NMR 2 NMR 3 MEAN 
1 1.1 7.28 0.0208 0.0211 0.0207 0.0209 
2 2.2 14.55 0.0433 0.0432 0.0431 0.0432 
3 4 26.46 0.0720 0.0722 0.0716 0.0719 
4 6.1 40.35 0.1118 0.1120 0.1126 0.1121 
5 8.1 53.59 0.1485 0.1491 0.1497 0.1491 
6 16.3 107.83 0.3052 0.3045 0.3047 0.3048 
 
 
 
Area of Benzene peak @ 6.1 ppm 
SNO Mass of 
Acetaminophen 
(mg) 
Concentration 
of 
Acetaminphen 
(mM) 
NMR 1 NMR 2 NMR 3 MEAN 
1 1.1 7.28 0.0208 0.0205 0.0209 0.0207 
2 2.2 14.55 0.0433 0.0432 0.0427 0.0431 
3 4 26.46 0.0716 0.0719 0.0716 0.0717 
4 6.1 40.35 0.1116 0.1113 0.1117 0.1115 
5 8.1 53.59 0.1479 0.1488 0.1497 0.1488 
6 16.3 107.83 0.3017 0.3051 0.3049 0.3039 
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TABLE 5: Acetaminophen concentration (0.79 -7.94 mM) with diethyl ether concentration 
(0.01 M) 
Area of Acetaminophen CH3 peak 
Sample 
 
 
Mass of 
Acetaminophen 
(mg) 
NMR 1 NMR 2 NMR 3 Mean 
1 1.2 0.3557 0.3610 0.3617 0.3595 
2 0.6 0.2112 0.2087 0.2109 0.2103 
3 0.48 0.1712 0.1713 0.1755 0.1727 
4 0.36 0.1374 0.1321 0.1326 0.1340 
5 0.24 0.0912 0.0939 0.0927 0.0926 
6 0.12 0.0561 0.0549 0.0540 0.055 
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CALIBRATION CURVES: 
1. Acetaminophen concentration ranging 0.79-7.94 mM with diethyl ether internal standard 
0.01 M 
 
 
y = 0.0424x + 0.031
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Sample  Mass of 
Acetaminophen 
(mg)  
Volume of 
Internal 
Standard 
(mL)  
Concentration of  
Acetaminophen 
(mM)  
Area of 
Acetaminophen 
CH3 Peak  
Comments  
1  1.2 1 7.94  0.3595 Acetaminophen 
with internal 
standard 
2  0.6 1.0047 3.95   0.2103 Acetaminophen 
with internal 
standard  
3  0.48 1.0073  3.15   0.1727 Acetaminophen 
with internal 
standard  
4  0.36  1.0047   2.37  0.1340 Acetaminophen 
with internal 
standard  
5  0.24  1.0055   1.58 0.0926 Acetaminophen 
with internal 
standard  
6  0.12  1.0031  0.79  0.055  Acetaminophen 
with internal 
standard  
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2. Acetaminophen concentration ranging 0.79-3.15 mM with diethyl ether internal standard 
0.01 M 
 
 
3. Acetaminophen concentration ranging 1.58-3.95 mM with diethyl ether internal standard 
0.01 M 
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4. Acetaminophen concentration ranging 2.37-7.94 mM with diethyl ether internal standard 
0.01 M 
 
 
Area of Phenyl ring peak @ 5.5 ppm 
SNO Mass of 
Acetaminophen 
(mg) 
Concentration 
of 
Acetaminophen 
(mM) 
NMR 1 NMR 2 NMR 3 Mean 
1 1.2 7.94  0.2374 0.2430 0.2390 0.2398 
2 0.6 3.95  0.1454 0.1402 0.1458 0.1438 
3 0.48 3.15  0.1144 0.1164 0.1179 0.1162 
4 0.36  2.37 0.0955 0.0921 0.0901 0.0926 
5 0.24  1.58 0.0678 0.0692 0.0673 0.0681 
6 0.12 0.79  0.0374 0.0392 0.0409 0.0392 
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Area of Phenyl ring peak @ 6.1 ppm 
SNO Mass of 
Acetaminophen 
(mg) 
Concentration 
of 
Acetaminophen 
(mM) 
NMR 1 NMR 2 NMR 3 MEAN 
1 1.2 7.94  0.2423 0.2426 0.2394 0.2414 
2 0.6 3.95  0.1466 0.1433 0.1456 0.1452 
3 0.48 3.15  0.1128 0.1183 0.1184 0.1165 
4 0.36  2.37 0.0937 0.0924 0.0948 0.0936 
5 0.24  1.58 0.0673 0.0670 0.0702 0.0682 
6 0.12 0.79  0.0397 0.0393 0.0393 0.0394 
 
 
 
d) DISCUSSION: 
 
HO
NH CH3
O
 
The Chemical shifts of NMR peaks: 
Ethyl ether: CH3 peak: 1.2 ppm, triplet 
         CH2 peak: 3.5 ppm, quartet 
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Acetaminophen: CH3 peak: 2.1 ppm, singlet 
          Benzene: 7-8 ppm, doublet 
But the chemical shift for CD3OD solvent is starting at a value less than 0. So, the corrected 
values are interpreted by comparing the CD3OD spectrum with ethyl ether spectrum and it was 
found that the values are showing 1.2 ppm less to the actual values. 
In CD3OD spectrum, the chemical shift values at 2 ppm and 3.5 ppm refers to the residual 
solvent CH3OH present in the CD3OD. 
Table of Controls and Chemical Shifts in NMR Spectra(13) 
SNO Compound Mass  
(mg) 
Molar 
Mass  
(g/mol) 
Solvent Concentration 
(mM) 
Chemical 
Shift 
Corrected 
Chemical 
Shift 
Assignment 
1 — — — CD3OD — 2.1 ppm                   
3.6 ppm 
3.4 ppm                                
4.9 ppm 
Methyl Group      
Hydroxyl 
Group 
2 Ethyl Ether 94.6 74.12 CD3OD 127.6 mM – 0.1ppm                   
2.2 ppm 
1.2 ppm                                
3.5 ppm 
Methyl Group      
Methylene 
Group 
3 Ethyl Ether ≈ 40 74.12 CDCl3  53.9 mM 1.2 ppm                   
3.4 ppm 
—                                     
— 
Methyl Group     
Methylene 
Group 
4 Acetamino-
phen 
16.2 151.17 CD3OD 107.2 mM 0.8 ppm                   
5.5 ppm                   
6.0 ppm 
2.1 ppm                   
6.8 ppm                   
7.3 ppm 
Methyl Group      
Phenyl Group      
Phenyl Group 
 
INTREPRETATION OF NMR SPECTRA: 
Acetaminophen concentration (7.28 – 107.83 mM): TABLE 4 page 29 
NMR 33: Acetaminophen 1 in CD3OD with ethyl ether proton 2012-10-04. It is the NMR of 1.1 
mg acetaminophen. The area of acetaminophen CH3 peak is 0.0302, benzene proton peaks are 
0.0208. Ethyl ether CH3 peak at 1.0000 and CH2 peak at 0.6613 and CD3OD peaks at 0.1390 
and 0.1300. As the concentration is very less the area of peaks are small. 
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NMR 36: Acetaminophen 2 in CD3OD with ethyl ether proton 2012-10-04 
It is the NMR of 2.2 mg acetaminophen. The area of acetaminophen CH3 peak is 0.0633 and 
benzene proton peak are 0.0433 which is double the 1.1 mg acetaminophen. The other peaks 
remained almost similar. 
NMR 39: Acetaminophen 3 in CD3OD with ethyl ether proton 2012-10-04 
It is the NMR of 4 mg acetaminophen. The area of acetaminophen CH3 peak is 0.1065 and 
benzene proton peak are 0.0716 and 0.0720 which is approximately 3 times the 1.1 mg and twice 
the 2.2 mg acetaminophen. 
NMR 42: Acetaminophen 4 in CD3OD with ethyl ether proton 2012-10-04 
It is the NMR of 6.1 mg acetaminophen. The area of acetaminophen CH3 peak is 0.1687 and 
benzene proton peak are 0.1118 and 0.1116 which is approximately 6 times the 1.1 mg and 3 
times the 2.2 mg acetaminophen. 
NMR 45: Acetaminophen 5 in CD3OD with ethyl ether proton 2012-10-03 
It is the NMR of 8.1 mg acetaminophen. The area of acetaminophen CH3 peak is 0.2239 and 
benzene proton peak are 0.1479 and 0.1485 which is approximately 7.4 times the 1.1 mg and 
twice the 4 mg acetaminophen. 
NMR 48: Acetaminophen 6 in CD3OD with ethyl ether proton 2012-10-03 
It is the NMR of 16.3 mg acetaminophen. The area of acetaminophen CH3 peak is 0.4553 and 
benzene proton peak are 0.3017 and 0.3052 which is approximately 16 times the 1.1 mg, 4 times 
the 4 mg and twice the 8.1 mg acetaminophen. 
NMR 51: Acetaminophen 7 in CD3OD 2012-10-11 
It is the NMR of 16.2 mg acetaminophen with CD3OD without diethyl ether. 
NMR 53: CD3OD 2012-10-03 
It is the NMR of CD3OD. As there are no protons it should show a clean NMR but due to the 
presence of residual CH3OH in CD3OD the peaks are seen at 2.1 ppm for CH3 peak and at 3.7 
ppm for OH peak. 
NMR 54: CD3OD with ethyl ether proton 2012-10-04 
It is the NMR of internal standard. 
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NMR: 
1. Acetaminophen with CD3OD without diethyl ether (NMR 51) 
 
2. Acetaminophen with internal standard (NMR 48) 
 
 
2. Internal standard (diethyl ether in CD3OD) (NMR 54) 
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3. CD3OD (with residual CH3OH) (NMR 53) 
 
 
 
Acetaminophen concentration (0.79 -7.94 mM) with diethyl ether concentration (0.1 M): 
TABLE 5 page 33 
NMR 55: Acetaminophen 0.12 mg-1 in CD3OD with low ethyl ether 2012-10-16 
It is the NMR of 0.12 mg acetaminophen which is the lowest concentration. The area of 
acetaminophen CH3 peak is 0.0561 and benzene proton peak are 0.0374 and 0.0397. 
NMR 58: Acetaminophen 0.24 mg-1 in CD3OD with low ethyl ether 2012-10-16 
It is the NMR of 0.24 mg acetaminophen. The area of acetaminophen CH3 peak is 0.0912 and 
benzene proton peak are 0.0673 and 0.0678 which is approximately twice the 0.12 mg of 
acetaminophen. 
NMR 61: Acetaminophen 0.36 mg-1 in CD3OD with low ethyl ether 2012-10-16 
It is the NMR of 0.36 mg acetaminophen. The area of acetaminophen CH3 peak is 0.1374 and 
benzene proton peak are 0.0937 and 0.0955 which is approximately 3 times the 0.12 mg 
acetaminophen. 
NMR 64: Acetaminophen 0.48 mg-1 in CD3OD with low ethyl ether 2012-10-16 
It is the NMR of 0.48 mg acetaminophen. The area of acetaminophen CH3 peak is 0.1712 and 
benzene proton peak are 0.1128 and 0.1144 which is approximately twice the 0.24 mg 
acetaminophen. 
NMR 67: Acetaminophen 0.6 mg-1 in CD3OD with low ethyl ether 2012-10-11 
It is the NMR of 0.6 mg acetaminophen. The area of acetaminophen CH3 peak is 0.2112 and 
benzene proton peak are 0.1454 and 0.1466 where the acetaminophen peak is less than 5 times 
and benzene proton peaks are approximately 5 times the area of 0.12 mg 
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NMR 70: Acetaminophen 1.2 mg-1 in CD3OD with low ethyl ether 2012-10-11 
It is the NMR of 1.2 mg acetaminophen which is the highest concentration of drug. The area of 
acetaminophen CH3 peak is 0.3557 and benzene proton peak are 0.2374 and 0.2423 which is less 
than twice the 0.6 mg acetaminophen. 
 
 The drug concentration ranging from 7.28 – 107.83 mM (with diethyl ether concentration 
0.125 M) shows a linear relationship with the area of methyl peak. 
 The drug concentration ranging from 0.79 – 7.94 mM (with diethyl ether concentration 
0.01 M) also shows a linear relationship with the area of methyl peak. 
 The drug concentration shows a linear relationship with area of phenyl ring peaks at 5.5 
ppm and 6.1 ppm. 
 
Internal Standard: 
 The amount of internal standard is same in all the samples.  
 In all the NMR spectra the area of ethyl ether CH3 peak and CH2 peak are 1 ppm and 0.67 
ppm respectively. 
 
CONCLUSION: 
The area of NMR signals of methyl group of Acetylsalicylic acid and acetaminophen shows a 
linear relationship with the concentration of Acetylsalicylic acid or acetaminophen which shows 
that the method is viable for the quantitative analysis. The area of phenyl ring peaks also shows a 
linear relationship with the concentration of drugs. This method is an easy and quick method in 
which a minimal amount of solvents were used, and it is a suitable alternative method to the 
presently widely used chromatographic methods like GC and HPLC methods. Since this method 
uses a minimal amount of solvents, it is an environmentally friendly method, which can be used 
by scientists in pharmaceutical industries. 
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